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ABSTRACT 


Nutrient uptake during growing processes in a forest ecosystem include 
accumulation and redistribution. 


Nutrient cycling has mostly been studied on a yearly basis. In the present 
work, the distribution of nutrients was monitored during a sucession of 
shorter periods, and the final estimate of nutrient compartments and fluxes 
in the soil-plant system was carried out monthly and yearly. 


The uptake and redistribution of five nutrients (N, K, Ca, P and Mg) were 
studied in a stand of Pinus pinea L., by analyzing growth phenology and 
productivity. Based on monthly determinations of needle biomass, and the 
‘increments of shoots, branches and boles, it was possible to determine the 
uptake and recycling of nutrients by the needle canopy. The fixation of the 
same elements in the perennial part of the phytomass was also determined 
monthly during the growing season, as well as their contents in the 
litterfall. 


Using all these data, the total monthly uptake of nutrients by the trees, 
their immobilization in the trees, and their return to the soil as litter 
was quantified. 


The redistribution of the same five elements by the trees on a yearly basis 
is also discussed. The following fluxes and compartments of the site's 
nutrient budget were determined: nutrient in biomass, total nutrient uptake, 
uptake by needles, recycling from the needles, fixation in the perennial 
biomass, use by reproductive components, return with litterfall. 
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INTRODUCTION 


Almost all of the numerous studies concerning the quantification of the 
organic-matter cycle and the biogeochemical cycles have been based on yearly 
periods, with the exception of litterfall, whose seasonal rhythm required a 
more detailed analysis (Cole and Rapp, 1980). However, the distribution and 
transfer of substances and mineral elements in vegetation and in the ecosystem 
fluctuate continuously under the influence of various factors. Certain of these 
factors are biological, such as the phenology of the different species in the 
system, both in their growth phases and in senescence, and the activities of 
the fauna and the microflora. Other factors are climatic and act either directly, 
such as periodicity and intensity of precipitation, or indirectly, such as the 


influence of precipitation and temperature on biological processes. 


In the present work, we concentrate more specifically on the monthly 
uptake of nutrients by a forest stand during one year, in order to determine 
its total nutrient uptake during the vegetative period. The latter is generally 
defined (Duvigneaud, Denaeyer De Smet, 1964) as the sum of the elements included 
in the woody biomass increment and in the litterfall. The first term of this 
sum is determined directly from the tree rings, or indirectly by dividing the 
perennial mineral-mass by the age of the stand. The second term is always 


determined directly, at least with respect to litterfall. 


Beyond this annual evaluation, it is tempting to refine the description 
of the translocations between the various compartments of an ecosystems, or 
between the various components of a subsystem, by evaluating them over shorter 
periods, such as a month. This approach, leads not only to a comprehensive 
evaluation but also a succession of smaller translocations which indicate the 
activity of the stand or ecosystems as a function of the activity of its 
different components or the physical factors arising from the atmospheric and 


edaphic environment. 
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For this purpose, we have studied in a stand of Pinus pinea L., the 
phenology and monthly growth rhythm of the different components (Cabanettes, 
1979 ; Cabanettes and Rapp, 1981 a), and senescence and litterfall (Rapp, 1983), 
both in terms of organic matter and in terms of a certain number of essential 


nutrients. 


On the basis of in situ weight measurements, it is possible to refine 
the description and quantification of the various transfers and pathways of 
the nutrients between the components of the tree and throughout the whole plant- 


soil system, 


MATERIALS AND METHODS 


1. The site 

The research site consisted of Pinus pinea L. planted on former dunes 
on the Mediterranean coast. The present stand was the result of a clear felling 
carried out in 1943. The ages of the individual trees ranged from 15 to 35 years, 


grouped in several populations of different ages. 


The average density was 800 trees to the hectare, corresponding to 33.9 mê 
ha! of D.B.H. The average height was 10.4 m and the average circumference at 


1.30 m was 63.4 cm. 


2. Growth Phenology 

The methods for studying variations in the phenological and dendrometric 
characteristics of this pine have been described in detail by Cabanettes (1979). 
They concern the elongation of the axes (trunk and branches), trunk-thickening 
and the elongation of the year's needles. All these parameters were observed 


for 13 consecutive months, with measurement-intervals on the order of a week. 
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3. Weight variations in the needles and shoots 


At the same time as the elongation of needles and shoots was observed in Table I - Variations in the chemical composition of the needles 


and shoots as a function of their age (% of dry matter) 


the field, a certain number of shoots (110) were labelled at the beginning of 


their growth, then regularly cut until all the needles had fallen at the end 
of 26months. The harvest rhythm was monthly during growing periods, and more 


irregular during the winter. 


August 
Each shoot was stripped of its needles, and the number and weight of September 
the needles were determined, as well as the length and weight of the shoot. October 
a 
During the period of study, the needle-shoot relationships were the g February 
following : 2 
one year two years 
—- average length of a shoot (cm) 44.5 + 3.8 42.1 + 2.1 
~- number of needles per shoot 93 £21 181 + 26 
-- number of needles per cm of shoot 4.4 t 0.3 4.4 t04 


4. Chemical Analysis 


Each shoot and an average sample of needles from each shoot were analyzed 
after nitroperchloric mineralization. Potassium was determined by flame 
photometry, and Ca and Mg by atomic absorption spectrophotometry. Phosphorus 
was colorimetrically assayed in the presence of ammonium nitrovanadomolybdate, 


and nitrogen by Kjeldahl's method. 


All the results are summarized in Table l, Each monthly result represents 


the mean of 4 to 10 analyses, depending on the month of sampling. 


264 ach 


RESULTS AND DISCUSSION 


1, Phenology and growth during one year 
Figure | shows an example of the growth rates of needles and terminal 


shoots during the first year, and that of trunk-thickening for the same period. 


Cabanettes and Rapp (1981 a) showed that the growth phenomenon starts 
with the shoots, which begin lengthening in February, achieving their maximum 
rate (up to 9.5 mm per day) from the end of April to mid-June, The elongation 
stops completely at the end of this latter month. Needles appear in May, when 
the shoots have already reached 60 Z of their final length. Elongation con- 
tinues for 20 weeks, but begins to slow in the month of August. Trunk-thickening 
begins in March, achieving its maximum rate in April and the beginning of May 
(0.15 mm per day). Growth then slows, and one even observes a shrinkage in the 
summer, followed in September by a slight renewal of growth comparable to the 


increment observed in June (0.05 mm per day). 


mean daily increase 


in circumference (AC) and length ( AL) meon daily increase in the needle (A) 
ac | (mm per day ) l l (mm per doy ) 
0.7 47 =-~ increase in trunk circumference f14 
j— elongation of terminal shoots 
06-6 p- Mean elongation of 9 needles — f-1.2 
measured 
05-5 H10 
0.4 441 0.8 
0.3 43| + 0.6 
0.242 -0.4 
0.141 -0.2 
i A 
0H F0 Days 
| V 
-0.14 $ 
| 
-0241 | | 
Oe FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMB. OCTOBER NOVEMBER 


Figure 1. Comparison of growth-rate variations in the three types of growth 
studied. 
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2. Variation of the weight and mineral composition of the needles during 
their life-cycle 

The needle-life of this pine is not restricted to the growing season, 
but continues in most cases for a period of two years. Most of the needles 
that appear in June of one year, fall to the ground two years later during 
June, July and August. 

We studied, successively, the weight increases of a needle as a function 
of its age, then that of all the foliage in the stand, ending with a study 
of mineral-mass, the monthly fluctuations of photosynthetic biomass, and its 


nutrient content. 


2.1. Needle-weight variation 

Table 2 indicates the mean weight of a needle as a function of its age. 
During the first growing season, weight increases in parallel to growth. From 
November to February, all intense metabolic activity stopes in the needle, 


but this is not accompanied by a weight-loss. Metabolic activity starts again 


in March at the same time as a new generation of shoots begins, and remains 
significant in April and May. Then the weight of the needles decreases while 
the new generation is forming, and at the end of this second growing cycle, 
the 5 and 16-month-old needles have nearly the same weight. Lastly, at the 
renewal of growth in March, the 22-month-old needles also recover their metabolic 
activity again, which is expressed in a new increase in their weight, appro- 


ximately the same as that observed in March of the preceding year (age 10 months). 


2.2. Generalization 
Knowing the weight of a needle as a function of its age, and the production 
and foliar biomass of the stand, it is possible to estimate the number of needles 


in the canopy, and monitor the fluctuations in their mass. 


The foliar biomass was evaluated at 12.7 t ha”! between February and June 


(Cabanettes, 1979), and consisted of 55.3% (7 t 5 one-year-old needles, 
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Table 2 - Increase of needle-weight as a function of age. 
Age Month Month | Increment 
(month) mg mg 
1 June 22.8 Al 22.8 
2 July 49.3 26.5 
3 August 82.9 33.6 
4 September 107.3 24.4 
5 October 128.1 20.8 
9 February 128.0 0 (-0.1) 
10 March 157.7 29.7 
11 April 150.1 - 7.6 
i May 152.9 2.8 
13 June 144.1 - 8.8 
14 July 141 4 - 27 
16 September 127,4 -140 
22 March 154.6 27.2 
26 July 146.6 - 8.0 


and 44.7 % (5.7 t na!) two-year-old needles. The annual production was 7.3 t ħa”! 


(Cabanettes and Rapp, 1981 b). In this case, the two-year-old needles only 
amount to 5.4 t ha! Litterfall was also evaluated (Rapp, 1983). The needle- 
fraction amounted to 6.1 t ha”, which is the equivalent of 7.3 t ha”! of 

green material, taking account of a weight-loss of 17 % during sencescence 
(Cabanettes, 1979). Thus, a fraction of the litter, corresponding to 

7.3- 5.48 1.9 t ħa”! of green needles, consists of needles which have fallen 
to the ground before reaching the age of 2 years, i.e. during their first year. 
This confirms the data already obtained concerning the number of needles per 
shoot, which decreases from 193 to 181 from one year to the next. Figure 2 
summarizes the distribution of foliage according to age and monthly development, 


both on the tree and in litter. 
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Biomass 


Needles 


Litter 


Year | Year 2 


Figure 2. Model of the annual foliage cycle in the stand (t hav), 


0 : results expressed as biomass 
[ ] : results expressed as litter. 


However, biomass and needle-fall vary continuously as a function of the 
mechanisms of ee senescence, and abscission, The biomass increment of the 
needles during the first year can be determined with relative precision by 
basing it on the number of needles in the stand. For one year, the production 
is 7.3. È hay! and the mean weight of a needle is 153 mg. This corresponds to 
47.8 x 10° needles per hectare. Hence, the biomass of the needles at any one 
moment in time, "t", equals the mean weight of a needle at that moment, mul- 
tiplied by 47.8 x 10°. Table 3 shows the monthly development of foliar biomass 
during the first year. The reliability of this method is confirmed by the fact 
that the values thus obtained correspond closely to those determined directly 
during foliar biomass measurements (Cabanettes, 1979), which amounts to an 


average of 7 t ha! between February and June. 


The monthly litterfall is also shown on the same table (Rapp, 1983), 


expressed as the weight of green material and the weight increment of needles 
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Table 3 - Monthly foliage production in a Pinus pinea L. stand 


(biomass and litter) - Results in t ha month” 1 
= 
Needle Needle biomass Montly Needles retur-] 5 2 
Month tocar 2 veras and needle oe = 7 
a2 
June Led. 7.3 4.7 137 0.7 = 
July 2.4 7:3 2.4 12.1 2.3 
August 4,0 7.3 1.0 12.3 1.4 
September D2 Ta 0.3 12.8 O7 , 
October 6.1 7.1 13.2 0.5 bre 
November 6.1 6.9 13.0 0.2 = 
December 6.1 6.8 12.9 0.1 S 
January 6.1 6.7 12.8 0.1 = 
February 6.1 6.6 12.7 0.1 g 
Horch 6.7 6.3 13.0 Os = Y 
April C2 5.9 13.1 0.4 é 
May 7.3 5.4 12:7 0.5 8 \ 
=$ 2s 
ao 
* Calculated on the basis of monthly litterfall (Rapp, 1983) expressed as 
living material (litter + 20 %). SN 


older than 12 months. In the latter calculation, we assumed that the last of 


‘4 year od f= 2 years old 
LZZZ more than two years old 


Figure 3. Monthly distribution of the foliage with respect to age. 


the 2-year-old needles fall in September at the age of 27 months. The amount of 


I-year-old needles on the tree can be estimated by deducting the monthly 
litterfall from the 5.4 t of needles present in May. The remaining 1.9 t ha! 
of litterfall (7.3 - 5.4), is deducted from the | to 2-year-old needles according 


to the rhythm of the monthly litterfall monthly content of these mtrients in the canopy, and their fluctuation. 


Figure 4 shows the monthly variations of each of the five elements studied. 


On the basis of these results, the monthly biomass of the needles can 
These variations range from : 


be determined, either totally, or according to age. Figure 3 summarizes the 


monthly development of the stand's canopy. 114.9 to 138.2 kg ha for nitrogen (mean 124.9 + 7.4) 


88.8 to 140.9" " for potassium ( " 118.2 + 13.4) 

2.3. Nutrient content in the foliage 42.9 to 59.6"  " for calcium pe 48.3 £ 5.5) 
"on " + 

By taking the N, P, K, Ca and Mg contents in needles of different ages 1799 sto! 2 for phosphorus ( LOE 1EM) 

26.0 to 31.9 " " for magnesium (" 28,34 5.5) 


and the amount of foliage at the same moment, it is possible to calculate the 
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Potassium Calcium Phosphorus Magnesium 


Figure 4. (a, b) - Monthly distribution of nutrients in the canopy according 
to needle-age. 


The monthly total litterfall and needle-fall have been the object of a 
detailed study (Rapp, 1983). The return to the soil was calculated on the basis 
of these weight results and chemical analysis of the same samples. The monthly 
and total results are summarized in Table 4, both for the needles and for other 
litter fractions. 

The 1.8 t of litter formed by material other than needles consists of 
0.9 t ha! of wood and twigs, 0.3 t ha! of male inflorescences, and 0.6 t ha 
of cones. Their return to the soil amounts to 10.9 kg ha of nitrogen, 5.2 of 
potassium, 9.8 of calcium, 1.0 of phosphorus, and 1.5 of magnesium. The distri- 


bution among the three types of components is as follows : 
N K Ca p Mg 


perennial component (wood) --3.6 kg ha” "year! 1.0 8.4 0.2 0.6 
male inflorescences 2.5 2.5 1.0 0.3 0.4 


cones 3.8 1.7 0.4 0.5 0.5 
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for 


year 


i 


Return of nutrients to the soi 


Table 4 


1 with litter fall (kg ha 


for the litter weight). 


-l1 


year 


-1 


the nutrient, t ha 


Total litter 


September 


October 


November 


December 
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[ On the basis of the monthly fluctuations of nutrient elements contained 
e bs La colon ojo a wojo 
3 ‘ilies + [oe a + ea] hae ; ; i by needle- 
> | s |R a > | JE +19 in the foliage and the return to the soil of the same elements by 
i i r its possible 
me td a fo | all alo olala ai Š litterfall the monthly absorption of an element by the needles o pos 
Eed a pa A oe [oe a A ceil e A : , i 
als 5 hese oyayo = a recycling to the perennial or reproductive components can be calculated using 
j | : 
i : th - [(element in the 
PS oe acd mlo ot es le w kelala a < the following formula : (element in the needles, month n) $ 
2 S ai sa z = See wat |) haat bo o ad needles, month n-1) - (element in the needle-litter, month n-1)] = 
| i. - i lue is positive 
os es wfalrlo nfo " lo re PS se is uptake if the value p 
8 S as Spal ys 2j S|" = | “1 - recycling, if the value is negative. 
a 
E g i re et eS $ ; F z indi 
"4 i S n a T biad taa g~ ball T ioe re bi Table 5 includes these different parameters and indicates the monthly 
= 
so 
bd uptake and recycling of these 5 elements. Significant potassium and phosphorus 
£ |glolo BER ol = l< ae e ai ie P ycling g P phosp! 
y 8 a = aier Ss + jaie 1e e uptakes are observed in June, the month during which the year's new needles 
7 ja 7 
r begin to form. In the case of magnesium, two peaks can be seen in May and August, 
2 |elaisfe] Jaje] isfejelal jes 19 
wo ; 5 A ; . 4 ; 
2 5 Š = 8 rs sS IF os as al es also related to the development of the photosynthetic system. The situation is 
uv 
E —|—t ; A t : P 
s T different for calcium, which is particularly used by needles that have reached 
a 9 A a e a Ba ip rR ei? a 
iN w 5 i “ . . 4 . ; . 
F- a x i ha BiB? eer aS e maturity. A very large uptake can be seen in May, indicating the use of this 
= E x as mi 
B ú r Š 4 A 4 1 
4 œ |o m alm |e olo patent ee tee a ie cation by one or two-year-old needles But this calcium uptake has already 
a ple |] oo oO wit Fim] ola i A ‘ i oe ‘ 
a alg a e/7|8 i oe Sits S: m bas started by the end of the growing period, and is intense in September and October 
Gi 
bad 4 . 
B T of the first year when the needles are 4 and 5 months old respectively. Lastly, 
3 ASIS SERS e w i b bea (ne (as aS 
E m | o + a a 4 IG ; r i P n 
ui a he me 5 (7 saa |= ha a lid nitrogen's uptake is spread out over the whole year in a rather irregular fashion. 
o 
la — : 
a i i i i ch and il 
3 Jæ fa P= a =| N A) (a pre le = The large uptake in February, which continues on into March an April, can be 
3 tid C I AN] ola s|lalo > : Fe s ‘ 
Hi É 2 3 + aa i ia bad ag explained by the beginning of shoot, branch, and trunk-growth in that period, 
= Jt 
‘a i i in August October, 
É Jo afola le | es my ee = The same cannot be said for the high nitrogen uptakes in Aug! and 
E a| Niæje js Hjo iloj 5 n bate 
0 Bis S + ca i ia 2 Also note that in the flow of these elements toward the needles, a significant 
is 3 
z A- | 
G a7 ; 3 i : iai faan ri r 
z aleiats co |s |x pa m IE N tae aa ea decrease is observed in July and sometimes in August, with the exception of 
A 4ļjoļ|oó s S + o alalo ojo i t è ie 
5 3 N g + a a potassium. This is the result of a slight deficit in the stand's water supply 
G J 
o 
z ring this peri which leads dec: anspiration (Ibrahim, Raj 
X yleļla z al, |- z| el. ls el, zle during period, whicl eai to reased transpiration ( > PPs 
i vjuja CRE H S] o |u ja o| u m A ; : : 
S1S( 2080 $| E EAA AN E pi g a 2 Ole Lossaint, 1982). The large potassium uptake during these same two months is 
à A eo eee 
s z jajajaj jefe h= 4 [es jz a ale 2)alelea related to the same physiological problem. This alkali plays an essential role 
A 
a = 3 g 
x o a Ca 
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in stomatic regulation, which is one of the plant's major mechanisms for the 


adaptation to reduced availability of water. 


The recycling from the needles to the perennial and reproductive components 
is very substantial in the case of potassium (65 % of the uptake). It represents 
mean values, for nitrogen and phosphorus respectively, of 46 Z and 4l % of the 
uptake. On the other hand, magnesium (23 Z) and especially calcium (8 Z) undergo 
less recycling. This is easily explained for magnesium, since it is particularly 
used by the chlorophyllian components. However, the case of calcium is more 
complicated, This element is fixed by the needles and also in large quantities 
by the woody tissue. The latter fraction must hence be taken up directly from 
the water flux by the woody tissue. With respect to the timing of redistribution, 
a significant recycling of nitrogen, potassium, and phosphorus occurs in May. 
Considering the chemical composition of the shoots, which are in full growth in 
this month, it can be supposed that there is a translocation from the one or two- 


year-old needles to the shoots. 


3. Annual shoot production 

Shoot production amounts to 1.4 t hav! between the zero-point in February 
and the end of October (Cabanettes and Rapp, 1981 b). This period can be subdi- 
vided into two phases. The first, from February to May, is characterized by the 
elongation of the shoots. The second, from June to October, corresponds solely 
to weight-increase, the length remaining constant. As of November, growth is 
finished, Between October and March of the following year, the weight of one 


centimeter of shoot increases from 294.4 to 314.5 mg. 


Figure | permits a calculation of the monthly shoot length during the 
first phase. In the second phase, the mean shoot weight is successively : 
153.8 mg in June and July, 223.8 mg in August, and then 294.4 mg in September 


and October. 
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By taking the final production of 1.4 t ha”! 


in October, and successively 
combining the measurements of elongation and then weight~increase, the following 
values are obtained from February to October : 


0.02 t ha in February 
0.090" in March 
0.22 " in April 
0.62 % in May 

0.62 " in June 
0.62 t ha! in July 
0.90 " in August 
1.37 in September 
ary Y in October 


Since the chemical composition of the shoots is known for each of these 
months (Table 1), one can determine the monthly and then the annual immobilization 
by these components, which amounts to : 


8.9 kg ha! of nitrogen 


8.9 = of potassium 
6.2 of calcium 
1.4 " of phosphorus 


3.1 x of magnesium 


4. Annual wood production 
The term "wood" includes the weight-increases in branches, trunks, and 
roots during the course of the year. These increases amount to 5.8 t tat year, 


comprising 3.8 t ha! of stem wood, 0.9 t na of branches, and 1,1 t ha! of 


roots (Cabanettes and Rapp, 1981 b). 


The monthly evaluation of stem wood production was based on the mean 


monthly increase in the circumference (Fig. 1) of the trunks of fifteen repre- 


277 


Table 6 - Monthly production of stem wood, branches, and roots (t ha™!). 


Table 7 - Nutrients immobilized monthly by perennial mineral-mass increase 
(kg ha™!) 
Siw wees & Ers T ET, - The results in july are negative for N, P and K. This corresponds 
M n Roots to the shrinkage phenomenon ‘observed in the trunk (Fig. 1). 
ionth total 
L xylem bark 
N K Ca Mg P 
January 0-12 0-02 0-03 0-03 0.20 | 
February 0.12 0.02 0.03 0.03 0.20 January 0-35 0.27 0-92 0.13 0.10 
March 0.25 0.05 0.07 0.09 0.46 February 0.23 0.26 0.05 0.04 0.05 
April 0.86 0.19 0.25 0.31 1.61 March 1.22 1.25 1.14 0.30 0.23 
May 1.48 0.33 0.43 0.53 2.77 April 3.40 3.30 5.13 1.05 0.75 
June 1.98 0.44 0.57 0.69 3.68 May 6.31 6.85 6.19 1.78 1.20 
July 2.10 0.47 0.61 0.75 3.93 June 1.55 2.01 4.05 0.38 0.15 
August 2.22 0.50 0.64 0.79 4.15 July {1.19} {1.98} 1.91 0.44 {0.05} 
September 2.73 0.61 0.79 0.97 5.10 August 3.12 0.47 2.64 1.18 0.37 
October 3.10 0.70 0.90 1.10 5.80 September 1.78 4.75 7.46 1.30 50 
November - - - ~ > October 2.33 0.91 2.01 0.94 . 58 
December - - = = as November 0 0 0 0 0 
December 0 0 0 0 0 
= 2 l a = 
Total year 19.10 | 18.10 31.50 7.50 3.90 
sentative trees in the stand between January and October, In addition, we took a 
account of the fact that the 3.8 t ha! of stem wood consists of 3.1 t ha! of Table 8 - Montly nutrient requirements of the vegetative components 
e: (kg ha™!) 
xylem and 0.7 t ha of bark. i T 
N Mg 
The same production rhythm was applied to branches and roots, for which — 
J . . 
there was no direct observation. All the monthly observations between January eae 0-2 0 0.8 0 0 
February 7.3 0 1.9 0.6 0.1 
and October are shown in table 6. March 52 4.0 2.0 0.7 0 
> April 8.3, 6.1 6.2 Ll 0.5 
On the basis of these weight results, we calculated the uptake of the 
May 0 0 21.0 0 8:3 
five nutrients, using the following mean percentages (Rapp and Cabanettes, 1980) : June 7.3 32.1 5.1 4.2 i 
‘ n . July 0“ 14.4 0 1.0 0 
C; 
a s August 18.5 7.0 0.9 6.2 
Trunks September aa 14.7 1.3 3.8 
xylem oliz 0.11 7z 0.27% 0.03 % 0.04 % hal 0 8.7 0 5.4 
bark a ani sg November 0.1 133) 0 0.4 
ae 9: à Os Tapy Oa December 0.1 0.6 0.1 0.3 
Branches 0.37 0.24 0.65 0.05 0.11 
Total 77 6 67 3 99 26 3 
Roots 0.14 0.22 0.38 0.05 0.11 = 
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Table 7 summarizes the annual immobilization of the 5 elements with 


respect to the increment of perennial mineral-mass. 


5. Nutrients used monthly by the vegetative components 

By combining the data in Table 7, which represents the requirements of 
the perennial components, with the uptake of the same elements by the needles, 
which is shown in Table 5, the monthly uptake required for the vegetative life 
can be determined in a stand of Pinus pinea l. This amounts to adding the quan- 
tities immobilized by the perennial components to those taken up by the chloro- 


phyllian components when there is uptake by the needles. In the case of the 


redistribution of any of these elements from the needles to other tree components, 


the redistributed quantities are subtracted from those elements immobilized by 
the perennial portions of the phytomass. The values for the monthly and annual 
requirements of these 5 nutrients are shown in Table 8 and Figure 5. It can be 
seen that uptake corresponds closely to the growth rhythms of the various com- 
ponents shown in Figure 1. November, December and January are characterized 

by a very low uptake. As of February, the beginning of trunk-thickening corres- 
ponds to a significant increase in uptake, which continues into June, the period 


when new needles are produced. In July, drought is accompanied by a cessation 


of wood production, or a certain shrinkage, which corresponds to a decrease in 
uptake. Lastly, from August to October, production begins again at a lower in- 


tensity, indicated by a renewed nutrient uptake from the soil. 


However, as was already observed in the needles, the distribution of 
monthly uptake in the phytocenosis also varies with respect to the different 
elements. Thus, maximum calcium uptake occurs in May and then in September, 
and corresponds to trunk and shoot growth in May, and trunk growth alone in 
September. In the latter month, the shoots have finished their elongation, but 


still increase in weight, thus fixing calcium in the cell walls. 
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kgho~ Nitrogen Potassium Calcium Kg hov* Phosphorus Mognesium 


of Relurned 
by litter 
0. 


Returned 
sf by perennial 


ohtra hi rl as! mineral -= mass 


Needle uptake 


Uptake from 
54 the soil 


0: 
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Litter: C Needles wood , cones, inflorescences 


Figure 5. (a, b) - Monthly values for the nutrient fluxes between the 
phytocenosis and the soil, on one hand, and between the 
assimilating components (needles) and the perennial components 
(trunks, branches, shoots and roots) on the other. 


Potassium is especially absorbed between June and August, phosphorus in 
June. These two elements are essentially used by the needles, which have their 
highest growth-rate in this period. The important role played by potassium 
in stomatic regulation should also be considered, as mentioned above. This is 
also the case for magnesium, whose uptake starts in May with the beginning 


of the year's shoot production. 


Nitrogen uptake is the only phenomenon which is difficult to explain. 
Maximum uptake appears to occúr between August and October, which does not 
correspond to the most active period of the species. It is possible that this 
essential element is used later, in an assimilated protein form, during growth 


in successive years. 
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6. Nutrients used by the reproductive components 

Contrary to the procedure up to this point, it is not possible to calculate 
the monthly requirements of male inflorescences and cones, Altogether these 
components represent a production of 4 t ha year”, consisting of 0.3 t nat 
of male inflorescences and 3.7 t ta yeas of cones (Cabanettes and Rapp, 1981 b). 


This production corresponds to an immobilization of 12.3 kg ha year | of 


nitrogen, 11.6 of potassium, 4.8 of calcium, 1.2 of phosphorus and 3.7 of magnesium. 


The distribution between inflorescences and cones, expressed in kg ha’ 


is as follows : 


N K Ca P Mg 
male inflorescences 2.7 2.4 1.0 0.3 0.4 
cones 9.6 9.2 3.7 0.9 3.3 


Since these components do not themselves assimilate, the quantities of 


immobilized nutrients must essentially represent recycling from the needles. 


It should also be noted that although the elements used by the inflores- 
cences are mostly found in the corresponding litter, the same correspon- 
dence does not exist for the cones. This arises chiefly from an underestimation 
of the cones in the litter harvest, due to the spatial heterogeneity of this 


component's litter. 


7. Forest budget 
On the basis of the total of the various translocations and of the 
distribution within the tree of the five nutrients studied, a model can be 


made for the budgeting of by the phytocenosis. 


To complete the data on the different fluxes which have been quantified 
above, we also indicate the more static compartments formed by the perennial 


mineral-mass and the needle mineral-mass, since the latter is composed of a 
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pool of nutrients which undergoes a complete rotation every 24 to 27 months. 


The first subdivision was the subject of a previous study (Rapp and 
Cabanettes, 1980) in which the following values were determined : 


337.7 kg ha’! of nitrogen 


277.7 " " of potassium 
772.3 " " of calcium 

71.8 " " of phosphorus 
129.8 " " of magnesium 


With respect to foliage, the values in May give the best image, corres- 
ponding to 7.3 t ka produced annually and 5.4 t na! of two-year-old needle 


biomass. 


The corresponding values for the five nutrients assayed are : 


needles : l year needles : 2 years total 
N 73 kg ha”! 44.8 kg ha! 117.8 kg ha! 
K A E 275." 88.8 " 
Ca mr r Ia T oih A 
P 10.9 " To- ” wo ™" 
Mg 15.3, " isr ” 31.0 " 


On the basis of this data and that of Tables 4, 5, 7 and 8, a circulation 
and distribution model can be constructed for each element in the phytocenosis 


(Figures 6 to 10) representing its budget and cycling patterns in the stand. 


These models display a certain number of innovations, resulting partly 
from a determination of uptake on the basis of the annual development of the 
different tree-components and resulting partly from the estimation of the input 
and output fluxes in the foliage. These same evaluations enable us to demonstrate 
possible redistributions of certain nutrients, especially nitrogen and phosphorus, 


between different needle generations. 
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Nitrogen Potassium 


7,3 16,3 


PCL. NL FCL. PEL 


N1 Tyear old needles P.M, Perennial mineral mass Ni  tyeor old needles P.M, Perennial mineral mass 
N2 2year old needles u. Uptake N2 year old needles v. Uptake 

NL. Needle litter immob., Immobilisation U NL. Needle litter Immab. immobilisation 

F.C.L. Flower and cone litter Recycl. Recycling trom FCL. Flower and cone litter Recycl. Recycling from 

F.C. Flowers ond cones the needles F.C. Flowers and cones the needles 

P.C. Perennial components UN, Uptake by needles P.C. Perennial components U.N. Uptake by needles 
P.C.L. Perennial components liter P.C.L. Perennial components liter 


Figure 6. Model of nitrogen fluxes in the plant-soil interface and in the 


translocations within the plant. Figure 7. Model of potassium fluxes in the plant-soil interface and in the 
translocations within the plant. 
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EM PM. 


Calcium Phosphorus 


33,3 


N.L. F.C.L PEL FCL. RELL. 
; i 
-38 N1 tyear old needles P.M. Perennial mineral mass -0,2 N2 deer blero ia tata siiin 
' ' iis Aei tk pane NL. Needle litter Immob.  Immobilisation 
U RCL: att aAa eate ITA U FCL. Flower and cone litter  Recyct. Recycling from 
F.C.L, Flower and cone litter  Recyel. Recycling from EL. Poet ddoe t Recyelng | 
fe. Petit ASN UN anne peel PC. Perennial components U.N. Uptake by needles 
} compa Y : : 
P.C.L. Perennial components liter P.C.L. Perennial components iller 
Figure 8. Model of calcium fluxes in the plant-soil interface and in the Figure 9. Model of phosphorous fluxes in the plant-soil interface and in the 
translocations within the plant. translocations within the plant. 
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With regard to the vegetation, the cycles of these five nutrients are in 


equilibrium. The equilibrium is complete for P and Mg, with a difference on the 


order of 2 Z between the different evaluations of their uptakes and requirements. 
Magnesium , g A ae 
Even the 5 Z difference observed in the case of calcium does not diminish 

the reliability of the method used to quantify the nutrient cycling, considering 


that it is based on field observations, which always involve a rather large 


margin of uncertainty. 


Even in the cases of nitrogen and potassium, where the distortion between 


the different approaches reaches 9 %, the final result remains largely positive, 
even if cause of this 9 % cannot be defined in the stand. The evaluation of 
potassium also shows the importance of the recretion phenomenon for this element, 
representing a return to the soil of 16.3 kg fat years! via the through-fall 


process. 
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CONCLUSION 
N.L. FCL. PCL. : š PAEA i Fi ; 
This study of the biomass variations and the cycling of five nutrients 
‘year old needles PM. Perennial mineral moss 
-0,4 2year old needles tees Mie acon in a Pinus pinea L. stand, based on observations made at the relatively short 
Needle litter . 
Recycl. Recycling Irom A ‘ ; 
U ° le ot oe the needles time-intervals of one month, has led to a certain number of new results, both 
Perennial components U.N. Uptake by needles 


Perennial components litter with respect to annual evaluation and to seasonal dynamics. 


The first observations concern the development of phytomass with respect 


Figure 10. Model of magnesium fluxes in the plant-soil interface and in the 


transiacat tons: within the plants to time. They represent a transition from classical phenological observations 


to the quantification of growth components. They make it possible to determine 
the perennial phytomass increment during the course of the growth cycle, as 


well as fluctuations in the foliage. 


All these data related to biomass can be Crauspuscu cu wue percunsar OF 
foliar mineral-mass in terms of the five nutrients studied. The approach also 
permits a definition and quantification on the basis of the monthly conditions 


of acertain number of fluxes between the phytocenosis and the soil, or between 
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the different tree components. It is thus possible to calculate the nutrient 
requirements of a stand, to distinguish the uptake of certain quantities 

of nutrients in the foliage or their recycling to non-chlorophyllian components 
by way of photosynthesized assimilates. For certain nutrients, this approach 
allows a direct estimation of recretion, which is one of the mechanisms involved 
in through-fall. Finally, in the present case, which concerns conifers with 
multiannual leaving needles, the method provides certain indications about the 
foliar turnover of nutrients. Evaluations of the translocations between one and 
two-year-old needles, litter, and reproductive and perennial components indicate 
a possible redistribution of certain nutrients from the two-year-old needles 


to younger needles that are still growing. 


In general, these observations show that a study which is more detailled 
with respect to time, and which deals with different compartments of the phyto- 
cenosis, or even of the ecosystem, opens new horizons for the refinement of 
quantitative evaluations of the different compartments and fluxes in the bio- 
geochemical cycles. In addition, this approach allows an examination of the role 
and importance of certain parameters of the biogeochemical cycles with respect 
to time, especially with regard to the soil-plant interface and the phytocenosis 


itself. 
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